This study was carried out to resolve the discrepancy of data for the proportion of ascorbic acid and dehydroascorbic acid in persimmon leaves at the final stage of the season and to clarify their cellular distributions using histochemical and biochemical techniques. Fresh persimmon leaves were collected and used on July 31, September 5 and October 7, 1996. Ascorbic acid and dehydroascorbic acid in sub cellular fractions were determined by the HPLC method that was found to be the most reliable for separation. The percent of dehydroascorbic acid in the total leaves was found to be almost constant (between 32 and 37%) in all preparations tested. In all preparations, more than 90% of the ascorbic acid and dehydroascorbic acid was found in the soluble fraction. The histochemical detection of ascorbic acid and an electron micrograph of persimmon leaf cells showed that the reactive color, after the reduction of silver nitrate under acidic conditions, in the leaves of all three preparations was mainly found on the face side of columned-type palisade parenchyma cells where chloroplasts were not rich and large vacuoles were seen. On the inner side of the palisade parenchyma cells where chloroplasts were the richest, only weak color development was observed. This study demonstrates that the percent of dehydroascorbic acid in persimmon leaves did not exceed 40% at least until October 7. It also shows that in persimmon leaf cells, ascorbic acid is mainly localized in the cytosol of palisade parenchyma tissue cells where large vacuoles are seen.
Summary
This study was carried out to resolve the discrepancy of data for the proportion of ascorbic acid and dehydroascorbic acid in persimmon leaves at the final stage of the season and to clarify their cellular distributions using histochemical and biochemical techniques. Fresh persimmon leaves were collected and used on July 31, September 5 and October 7, 1996. Ascorbic acid and dehydroascorbic acid in sub cellular fractions were determined by the HPLC method that was found to be the most reliable for separation. The percent of dehydroascorbic acid in the total leaves was found to be almost constant (between 32 and 37%) in all preparations tested. In all preparations, more than 90% of the ascorbic acid and dehydroascorbic acid was found in the soluble fraction. The histochemical detection of ascorbic acid and an electron micrograph of persimmon leaf cells showed that the reactive color, after the reduction of silver nitrate under acidic conditions, in the leaves of all three preparations was mainly found on the face side of columned-type palisade parenchyma cells where chloroplasts were not rich and large vacuoles were seen. On the inner side of the palisade parenchyma cells where chloroplasts were the richest, only weak color development was observed. This study demonstrates that the percent of dehydroascorbic acid in persimmon leaves did not exceed 40% at least until October 7. It also shows that in persimmon leaf cells, ascorbic acid is mainly localized in the cytosol of palisade parenchyma tissue cells where large vacuoles are seen. Persimmon tea has been made and drank as a favorite tea in Japan because ascorbic acid (AsA) is very rich in the persimmon leaf (Diosphyros Kaki Thunb .)
(1-3) as well as usual green tea (1) . Several investigators including us (2, 4, 5) reported that the AsA content in persimmon leaf varies in the season, AsA content in the leaf is the highest from the end of May to the beginning of July , after which the content decreases gradually. From our previous data on the AsA content and a taste test for persimmon tea (4), we found that the fresh persimmon leaves of July, in which AsA content is the highest, are suitable for the source of persimmon tea. Yamashita (2) and Sonehara and Izumi (5) reported that the dehydroascorbic acid (DAsA) in persimmon leaves increases at the final stage of the season . However, we found that DAsA does not exceed 50% throughout the season when using fresh leaves and the 2, 4-dinitrophenylhydrazine (DNPH) method (4) . This discrepancy may be due to the different experimental conditions used.
For determination of AsA and DAsA, the DNPH method has been used as a popular method. But Iijima et al (6) and Tsujimura et al (7) reported that the HPLC method that detects the DNPH derivative is better than the DNPH meth od. Yasui and Hayashi (8) developed a new HPLC method . It is based on the principle that AsA and DAsA can be simultaneously determined after separa tion of AsA and DAsA by HPLC, followed by the derivatization of AsA and DAsA with sodium borohydride in alkaline solution . We have used this HPLC method to reexamine AsA and DAsA in persimmon leaves at the final stage of the season.
It has been known that AsA is very rich in persimmon leaves (1) , but the localization in persimmon leaf cells remains to be clarified . It will provide us a better understanding of not only the physiological significance of AsA in persimmon leaves but also the practical use of persimmon leaves for persimmon tea . In this respect, we tried to determine the cellular and subcellular distributions of AsA and DAsA in persimmon leaves using histochemical and biochemical techniques . Using the DP and HPLC methods, almost the same values of AsA and DAsA were obtained. However, the standard deviation of AsA using the HPLC method was a little smaller than that of the DP method, and the recovery of AsA using the HPLC method was a little better than that using the DP method . We concluded that the direct HPLC method is more specific and reliable than the indirect methods, and used it for the determination of AsA and DAsA in this study .
Changes in AsA and DAsA contents in persimmon leaves and their subcellular localization W e examined AsA and DAsA contents in the persimmon leaves collected on July 31, September 5 and October 7. As shown in Table 2 , AsA content in the homogenate of the leaves collected on July 31 was the highest among the three preparations. As a month passed, AsA content decreased gradually, whereas DAsA content did not change significantly among the three preparations . In all samples, the percents of AsA and DAsA to total AsA of the leaves were 68 and 32% , respectively. These values did not change significantly when we measured them using the fresh leaves.
To elucidate the localization of AsA in persimmon leaves, we next determined the AsA content after cell fractionation of the persimmon leaf cells . In this study, we did not separate the microsomal fraction because the yield of the fraction after ultracentrifugation was extremely low. Thus, the soluble fraction contains the cytoplasm and a small amount of microsomes.
Prior to the start of this experiment, we checked the reliability of cell frac tionation using marker enzymes and substances. Figure 1 shows the subcellular distribution of DNA (Fig. 1A) , chlorophyll a (Fig . 1B) , succinate-cytochrome c reductase (Fig. 1C ) and nitrate reductase (Fig . 1D) after fractionation of the leaf cells collected in June. The distribution patterns of DNA and chlorophyll a (Fig .  lA and 1B) showed that the nuclear-chloroplast fraction is a mixture of nuclear and chloroplast fractions that are difficult to separate . The distribution patterns of succinate-cytochrome c reductase (Fig. 1C ) and nitrate reductase (Fig . 1D ) also showed good separation of mitochondria and soluble fractions, respectively. Table 2 shows the distribution of AsA and DAsA in the subcellular fractions of persimmon leaves collected on July 31, September 5 and October 7 . When we compared total AsA and DAsA contents (total AsA contents) with that of total homogenate, we confirmed the quantitative recovery of total AsA after cell fractionation. We found that more than 90% of AsA and DAsA was localized in the soluble fraction in all preparations. The percents of AsA and DAsA to total AsA in the soluble fraction were 65-68 and 32-35% , respectively, in the three preparations. The contents of AsA and DAsA in nuclear-chloroplast and mito chondrial fractions were very low in all three preparations.
Histological observation of persimmon leaf cells Figure 2 shows micrographs of the vertical section of a persimmon leaf cell . The leaf tissue consisted of epidermal (face side), palisade parenchyma, spongy parenchyma and epidermal (reverse side) cells. Chloroplasts were observed mainly in palisade parenchyma cells, and in part, in spongy parenchyma cells. In the leaf of July 31, the cells of these four tissues were arranged without space ( Fig. 2A) , whereas the space of spongy parenchyma cell in the leaf of October 7 (Fig. 2C ) was enlarged. The shape of epidermal cells (face side) changed from columned shape to cubic or flat shape, whereas the shape of the reverse side of epidermal cells did not change greatly with time.
Histochemical observation of AsA in persimmon leaf cells Figure 2 also shows the histochemical detection of AsA in the persimmon leaves collected on July 31 (Fig. 2D ), September 5 (Fig. 2E ) and October 7 (Fig.  2F) , and the respective negative control of staining (Fig. 2G, 2H and 21, respec tively). In the leaf cell of July 31, strong color was observed on the face side of the columned-type cells in palisade parenchyma tissue, whereas no significant color was observed in the control (Fig. 2G) . On the face side of the palisade paren chyma cells, chloroplasts are not so rich. On the other hand, color development was very weak on the inner side of the palisade parenchyma cells, where chloro plasts were the most abundant. in the color intensity of the face side of the palisade parenchyma cells determined by an image analyzer. When we compared them with those in AsA contents in the soluble fractions of persimmon leaves (Table 2) , the color intensity expressed as pixel units in the three preparations were very close. These results indicate that the strong color development by histochemical detection is derived from AsA in the persimmon leaves and AsA is localized on the face side of palisade parenchyma cells where large vacuoles exist.
DISCUSSION
In this study, we resolved two points on AsA in persimmon leaves. First, we resolved the discrepancy about the data on the proportion of AsA and DAsA in persimmon leaves at the final stage of the season. Yamashita (2) reported that AsA was predominant (60-80%) in persimmon leaves until the middle of August, but the content of AsA decreased gradually after August and, on the contrary, DAsA increased gradually. DAsA in persimmon leaves in September and October was 69-73%. Sonehara and Izumi (5) also reported that DAsA on June 15 was 29%, and that it increased to 61% on October 25. We found that DAsA did not exceed 50% in any part of the season when we used fresh leaves and the DNPH method (4). In this study, we reexamined AsA and DAsA in persimmon leaves at the final stage of the season using the. HPLC method. We found that DAsA in the total homogenate of persimmon leaves during changes in the season was almost constant (32-37%), at least until the early part of October. This observation is not consistent with previous findings that DAsA in persimmon leaves increases (2, 5) at the final stage of the season, but agrees with our previous finding (4) that DAsA is almost constant in any part of the season as measured by the DNPH method. The discrepancy of the data mentioned above may be derived from the different methods and conditions used. For example, Yamashita (2) used fresh leaves and the indophenol method. Sonehara and Izumi (S) brought back "fresh" leaves with branches of the tree, and then determined AsA and DAsA after one day using the DNPH method. Since, in this study, we used fresh leaves in all experiments and the HPLC method, which seems to be the most reliable, we could first demonstrate an almost constant percentage of DAsA in persimmon leaves at the final stage of the season (at least until October 7). Second, we resolved the localization of AsA in persimmon leaf cells using a combination of histochemical and biochemical detection techniques. According to the histochemical detection of AsA in Fig. 2 , a strong reactive color was observed on the face side of palisade parenchyma cells where chloroplasts were not rich and large vacuoles were seen. If this strong color is derived from real AsA and AsA exists in the matrix of vacuoles, AsA will be recovered in the soluble fraction after homogenization and fractionation of persimmon leaf cells. At present, it is difficult to separate intact vacuoles from plant cells because most vacuoles are destroyed by strong mechanic homogenization, which is indispensable for the cell fractionation of plant cells. However, after destruction of the vacuoles, the entire contents should be recovered in soluble fractions. We found that more than 90% of AsA was localized in the soluble fraction of persimmon leaf cells. We have already reported that AsA could be easily extracted with hot water when we tried to make persimmon tea (4). The present finding that most AsA is localized in the soluble fraction is consistent with the above observation (4). Since it is difficult to prepare intact vacuoles from plant cells at present, it may not be suitable to conclude that all AsA on the face side of palisade parenchyma cells exists in the matrix of vacuoles. However, the electron micrograph of the palisade parenchyma cells shown in Fig. 3 indicates that part of the face side does not have a big space of cytoplasm. These lines of evidence suggest that AsA is at least, in part, localized in the matrix of vacuoles. Vacuoles in plant cells are known to consist of salts, sugars, organic acids and pigments for turgor (16). It is interesting to study the physiological significance of the existence of AsA in the vacuoles of persimmon leaf cells. Takahama (17) suggested that the oxidation of phenolic compounds by the peroxidase-hydrogen peroxide system is suppressed by AsA in the mesophyll vacuoles of Vicia faba L.
Although the specificity of the histochemical detection of AsA by silver nitrate is generally accepted, some nonspecific staining of certain pigments and lipids was reported (15). However, in this study, we used acidic conditions for staining with silver nitrate. In the case of the determination of AsA in biological samples by the DP method (18), it is accepted that nonspecific reduction of ferric chloride can be minimized under strong acidic conditions. Under the acidic conditions employed in this study, AsA could be specifically detected by silver nitrate in the case of persimmon leaf cells. To our knowledge, this is the first demonstration of histochemical detection of AsA in persimmon leaf cells with the support of biochemical detection.
If the nuclear-chloroplast and mitochondrial fractions prepared in this study are destroyed by mechanical homogenization, the stroma of chloroplast and matrix of mitochondria will be extracted into the soluble fractions together with the cytoplasm and contents of the vacuoles. In this case, AsA in the nucleus, chloroplast and mitochondria should be recovered in the soluble fraction. Some previous studies have suggested that AsA in spinach chloroplast is 15-50mM (19). However, Beck et al (20) reported that AsA is not detectable in spinach chloroplast which is more than 80% intact. They (20) also reported that a Km of 18 to 40mM AsA is determined if AsA uptake into the sorbitol impermeable space (stroma) follows the Michaelis-Menten-type characteristic for substrate saturation . We believe that the probability that nuclear-chloroplast and mitochondrial fractions prepared in this study were destroyed is unlikely for the following reasons.
(i) The percent of protein distribution in nuclear-chloroplast, mitochondrial and soluble fractions shown in Fig. 1 is 70, 10 and 20%, respectively . These values are very similar to those of Nishimura et al (21), who obtained intact chloroplast and other organelles from spinach leaves. If the stroma of chloroplast and the matrix of mitochondria are released completely, the percent of protein localization in the soluble fraction must exceed 50%.
(ii) The histochemical detection of AsA in fresh persimmon leaf cells indicates that AsA is mainly localized on the face side of columned-type palisade parenchyma tissue cells where chloroplast and mitochondria are not rich, but large vacuoles are seen. In these tissue cells, chloroplast and mitochondria are typically enriched on both sides of the nucleus at the lower part of the cell. If AsA is rich in chloroplast and mitochondria, we cannot detect the typical distribution of AsA as shown in Fig. 2 . From the reasons mentioned above, we believe that AsA is not so rich in chloroplast and mitochondria if present at all. Beck et al (20) reported that since AsA is not accumulated in spinach chloroplast, uptake does not require additional energy, and the AsA transporter mediates only the concentration equilibrium of AsA between both sides of the chloroplast envelope. If such a mechanism is working on the membrane of plant organelles, it is difficult to determine the real AsA content in the nucleus, chloroplast and mitochondria.
In summary, we demonstrated a nearly constant percent of DAsA in persim mon leaves, at least until early October. We also found that , in persimmon leaf cells, AsA and DAsA are mainly localized in the cytosol of palisade parenchyma tissue cells where large vacuoles are seen (Table 2 and Fig . 2 ). The combination of histochemical and biochemical techniques for the detection of AsA demon strates the cellular localization of AsA in persimmon leaves for the first time . 
